Obestatin is cosecreted with and stemming from the same precursor as ghrelin and is apparently involved in energy metabolism. Relatively little is known about the regulation of obestatin release.
G
hrelin, the octanoylated peptide produced mainly by the stomach and natural ligand to the GH secretagogue-receptor, is now well established as an orexigenic hormone mediating increased food intake resulting in a positive energy balance (1) . Obestatin, an amidated cleavage product of the preproghrelin gene, was initially described as opposing the functions of ghrelin on appetite, resulting in decreased gastric food intake and weight gain in rodents, by binding to its cognate receptor, an (until then) orphan receptor termed g protein coupled receptor 39 (2) . These results have been partially confirmed, but also called into question (see Ref. 3 
and the references therein).
Obestatin does bind to membranes of pancreatic cells and cell lines with high affinity and promotes survival of pancreatic ␤-cells (4), and recently it has been reported to inhibit cerulean-induced acute pancreatitis (5) . Functional interplay between ghrelin and obestatin is suggested by data showing that obestatin interacted with ghrelin binding sites on ␤-cells-albeit with low affinity (4) .
Obestatin has also been reported to have anxiolytic effects and to improve memory performance (6) and sleep (7) . Obestatin plasma values were associated with elevated blood pressure in the third trimester of pregnancy (8) and were found to be elevated in spontaneously hypertensive rats (9) .
Remarkably, obestatin release seems to be regulated differently from ghrelin. Although obestatin plasma concentrations in obese individuals were lower compared with lean controls, just as ghrelin levels, an increased ghrelin to obestatin ratio has been described in obese subjects (10, 11) .
We recently found a role of the cholinergic system in the control of the two gut-derived hormones, ghrelin and peptide YY (PYY) (12) . In this study, the effects of the unspecific cholinergic antagonist atropine and breakfast ingestion on appetite were studied, as well as ghrelin and PYY plasma concentrations. In lean subjects, atropine was found to suppress ghrelin plasma concentrations to the same amount as breakfast ingestion. There was a significant correlation between plasma ghrelin concentrations and subjective feelings of hunger, and between PYY plasma concentrations and feelings of satiety. All of these effects were impaired in obese subjects.
The aim of this study was to investigate the influence of meal intake and atropine on obestatin plasma concentrations and to study possible short-time changes in ghrelin/ obestatin ratio (as an indicator of differential regulation) in lean and obese individuals.
Subjects and Methods
Details of the study protocol have been published elsewhere (12) . Briefly, eight obese (body mass index Ͼ30 kg/m 2 , mean, 39.6 kg/m 2 ) and eight age-and sex-matched (two male and six female subjects per group) normal-weight (body mass index Ͻ25 kg/m 2 ; mean, 22.9 kg/m 2 ) subjects were included. Obese subjects showed significantly higher fasting glucose (94.4 vs. 83 mg/dl) and insulin concentrations (20.3 vs. 10.5 U/ml) than their lean counterparts.
The study protocol was approved by the Ethics Committee of the Medical University of Vienna, and written informed consent was obtained from all subjects before study entry.
In a double-blind, randomized, crossover design study, after a 12-h overnight fast, subjects received 1 mg atropine (Atropinum sulfuricum; Nycomed, Vienna, Austria) iv at time point Ϫ30 min and a standard 550-kcal breakfast at time point 0 (study day A); atropine and no breakfast (study day B); placebo and breakfast (study day C); or placebo and no breakfast (study day D). Blood samples were drawn at baseline and at timed intervals for measurements of plasma ghrelin and obestatin. Blood was centrifuged at 2500 ϫ g, and the supernatant was separated and stored at Ϫ20 C until batch analysis. Plasma ghrelin and obestatin were measured with commercial RIAs (Peninsula Labs, San Carlos, CA; and Phoenix Peptides, Karlsruhe, Germany, respectively). The lower limit of quantification was 5 pg/ml for ghrelin and 2.5 pg/ml for obestatin, with an intraassay coefficient of variation of less than 6%.
Ghrelin/obestatin ratios and differences (⌬-30/90) were calculated Ghrelin and obestatin plasma concentrations and ghrelin/ obestatin ratios were compared using one-way ANOVA, followed by multiple t tests with Bonferroni corrections as post hoc tests, if appropriate.
Linear regression analysis was performed to study the amount of correlation between obestatin and ghrelin plasma concentrations over the 4 study days together (all data points). The 2 test was then used to compare R 2 values between lean and obese subjects. A P value of Ͻ0.05 was set as significant. Data are presented as mean Ϯ SEM, unless stated otherwise.
Results
In lean individuals, obestatin plasma concentrations remained relatively stable from baseline to the end of the study on the placebo day (study day D, time point ϩ90 min) (⌬-30/90 ϭ 10.0 Ϯ 9.4 pg/ml); decreased by 35.0 Ϯ 9.8 and 38.75 Ϯ 6.9 pg/ml after atropine administration (study day B) and meal ingestion (study day C), respectively; and decreased by 91.63 Ϯ 10.2 pg/ml on the combined atropine and breakfast day (study day A; Fig. 1A ). All differences in ⌬-30/90 values, apart from study day B vs. C, were statistically significant (A vs. B, P ϭ 0.002; A vs. C, P ϭ 0.001; A vs. D, P Ͻ 0.001; B vs. D, P ϭ 0.005; C vs. D, P ϭ 0.01, multiple t tests with Bonferroni correction; Fig. 2A) .
In obese individuals, obestatin plasma concentrations remained stable from baseline to the end of the placebo day (study day D, ⌬-30/90 ϭ Ϫ2.75 Ϯ 6.7 pg/ml) and decreased by 35.57 Ϯ 10.0 and 35.0 Ϯ 15.0 pg/ml after meal ingestion (study day C) and atropine administration (study day B), respectively, and by 33.13 Ϯ 6.24 pg/ml after combined atropine and breakfast (study day D; Fig.  1D ). There was a statistically significant difference between the 4 study days, but no difference between any of the single study days (P ϭ 0.043, one-way ANOVA; post hoc tests, not significant; Fig. 2B ).
Obestatin plasma concentrations were not significantly different between the 4 study days at any single time points in either lean or obese subjects, as compared by one-way ANOVA.
Ghrelin plasma concentrations of lean and obese subjects have been published elsewhere (12) , and an overview of the time course of these values is given in Fig. 1, B and E, for the sake of comparison. Briefly, there was a signif-icant decrease of ghrelin plasma concentrations on all 3 study days compared with placebo day-with no significant difference between the intervention days-in lean individuals. In contrast, in the obese individuals, only ⌬-30/90 values differed significantly between study days C (breakfast) and D (placebo).
Ghrelin/obestatin ratios in lean individuals decreased continually on all intervention days (Fig. 1C) , resulting in statistically significant differences from placebo at time points ϩ60 and ϩ90 min (ϩ60 min, P ϭ 0.001; study day A vs. D, P ϭ 0.001; B vs. D, P ϭ 0.002; C vs. D, P ϭ 0.022; and ϩ90 min, P ϭ 0.001; study day A vs. D, P Ͻ 0.001; B vs. D, P Ͻ 0.001; C vs. D, P ϭ 0.002; one-way ANOVA, followed by multiple t tests with Bonferroni correction).
In obese individuals, ghrelin/obestatin ratios remained stable on all 4 study days (Fig. 1F) ; there were no statistically significant differences between the 4 study days at any time point.
When comparing relative changes in ghrelin/obestatin ratios throughout the study days (⌬-30/90) there was a significant difference between the study days in the lean individuals ( Fig. 2A, P ϭ 0 .001, one-way ANOVA), and all three intervention days were significantly different from the placebo day (study day A vs. D, P ϭ 0.005; B vs. D, P ϭ 0.001; C vs. D, P ϭ 0.007, multiple t tests with Bonferroni correction).
There were no significant differences in obese individuals (Fig. 2B) .
Regression analysis showed a significant correlation between ghrelin and obestatin values in both lean and obese individuals (R 2 ϭ 0.680, obese, P Ͻ 0.001; R 2 ϭ 0.361, lean, P Ͻ 0.001), with significantly more variability of obestatin values explained by ghrelin variability in obese than in lean individuals (obese vs. lean, P Ͻ 0.001, 2 test). In both lean and obese subjects, atropine administration led to a significant increase in heart rate that was not significantly different between study groups (see Ref. 12 for details).
Discussion
In this study, the plasma changes of obestatin and ghrelin/ obestatin ratio were used to identify differential patterns of regulation by cholinergic inhibition and/or meal intake in obese and lean subjects. In the data presented here, obestatin plasma concentrations in lean subjects showed a significant decrease from baseline to time point ϩ90 min on all 3 study days compared with the placebo day. Interestingly, obestatin levels dropped to a significantly greater amount in response to the combination of atropine and breakfast than to any of the two treatments alone. Thus, the effect of atropine and breakfast on obestatin plasma concentrations seems to be additive, indicating independent regulation by nutrients and the cholinergic system. In contrast, ghrelin plasma concentrations were suppressed by atropine, breakfast, and the combination of both substances to the same amount, in a nonadditive manner (Figs. 1, A and B, and 2A) (12) .
Both ghrelin and obestatin plasma concentrations decreased after meal ingestion and/or atropine administration, but the ghrelin/obestatin ratio also showed a significant decline; these data are in agreement with a recent paper showing a significant decline of ghrelin/ obestatin ratio in fasted rats refed with a chow diet (13) .
These changes were completely absent in obese individuals, with no significant differences or changes in either obestatin concentrations or ghrelin/obestatin ratios (Figs.  1, D and F, and 2B) . Moreover, there was a significantly stronger correlation between ghrelin and obestatin plasma concentrations in obese than in lean individuals, again pointing in the direction of a possible loss of independent regulation in obesity.
Obestatin plasma concentrations and ghrelin/obestatin ratio have been studied in the context of obesity (11, 14, 15) and weight loss (10, 11, 15, 16) as well as states of cachexia (17) , anorexia (18, 19) , and bulimia (19) . Obestatin plasma concentrations were reported to be stable after Roux-en-Y gastric bypass surgery with significantly reduced ghrelin/ obestatin ratio (16) , and obestatin was shown to increase in obese children upon weight loss (15) . On the other hand, both obestatin and ghrelin/obestatin ratio were increased in anorexia nervosa, but not bulimia nervosa (19) .
A few studies also examined the effect of food intake on plasma obestatin concentrations; whereas the initial paper (2) reported no changes around a fixed meal, in two other papers (11, 20) , both obestatin and ghrelin/obestatin ratios were reduced after meal intake.
Together with the data presented here, these results show that obestatin, although cosecreted with and derived from the same precursor as ghrelin, is regulated in its own way. Whether this regulation is carried out at the production, release, or clearance level cannot be differentiated with the study design used here, yet the finding that-like ghrelin and PYY-obestatin is apparently regulated by the cholinergic system is another indicator of its possible role in appetite regulation.
In summary, we found evidence for differential regulation of ghrelin and obestatin plasma concentrations by meal intake and atropine administration in lean individuals, which was disturbed in obesity.
